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Abstract 
The electrostrictive input to the deformation of an actuator containing electrostrictive PVDF-TrFE-CFE polymer 
films was analyzed in view of actuator design optimization. For separating the contribution to actuation from 
electrostatic and electrostrictive effects, relevant material parameters had to be evaluated. First, the layers 
deformation was measured using interferometric methods. Further, their elastic modulus was evaluated with a bulge-
test method based on polymer membrane deformation in a pressurized gas-filled cell. Finally, the relative permittivity 
was derived from impedance spectroscopy measurements. FEM simulation results on the mechanical behavior of an 
actuator, using the measured material constants, were found to be in good agreement with experimental data. 
© 2011 Published by Elsevier Ltd. 
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1. Introduction 
Fluorinated polymer materials of PVDF-TrFE-CFE (PTC) are, due to their intrinsic high 
electrostrictive strain [1], greatly promising for implementation in actuators of large deformation with 
many applications in micro-electro-mechanical systems [2]. The electrostrictive effect is well known to 
describe the quadratic dependence of the strain on the electric field.  
In an actuator, the external electric field would induce an electromechanical deformation due to 
concomitant action of both electrostatic and electrostrictive effects. Simulations are required for design 
optimization as well as for verification of the actuator functionality. To our knowledge, simulations of an 
actuator based on thin electrostrictive films have not been reported yet. In order to run simulations, it is 
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essential to know the material constants of thin films. In the present paper, the elastic modulus and the 
relative permittivity were measured, and used to precisely compute the electrostrictive and the 
electrostatic contributions to the electro-mechanical deformation of an actuator based on thin films of 
electrostrictive polymer. 
2. Experimental results 
2.1. Fabrication of PTC actuator 
PTC-foils (61.7-29.8-8.5 mol%, Piezotech S.A.S), of 25 μm thickness, were coated on both sides with 
100 nm silver electrodes by thermal evaporation. Alongside, the electrodes were structured into disc 
shapes of 7 mm diameter, using shadow masks. Samples of these films were glued on a silicon wafer and 
electrical contacts were applied. The film deformation was measured with a typical Michelson 
interferometric set-up, by placing the sample in one arm of the interferometer. An avalanche diode was 
used to detect the interference pattern and, then, the film deformation, respectively induced strain 
(deflection), was evaluated from the detected interference fringes. Figure 1a presents the actuator 
deformation as a function of the applied field. The extrapolation for the maximum strain at 150 V/μm 
gave 6.9 %. This is in agreement to known results [1]. 
2.2. Measurements of relative permittivity  
To measure the relative permittivity, Hr, of PTC-films, samples of foils were prepared by coating on 
both sides with 100 nm thick silver stripe structures, using processes mentioned in the section above. 
They were electrically contacted with the objective to obtain special capacitor designs (see insert in 
Figure 2b). The capacitor area could thus be varied from 0.25 mm² to 6.5 mm². Optical microscopy was 
used to precisely determine the width of the stripes.  An impedance network analyzer (Wayne Kerr 
6520B) was used to measure the capacitance of each structure at room temperature. A relative 
permittivity of 19.1 could be derived from the measured data.  
            (a)           (b)
Fig. 1. (a) Induced strain variation with the electric field in polymer films. The insert displays the actuator structure used. (b) 
Relative permittivity linear variation with capacitor area. The insert represents the structure of the capacitor. The marked data point 
is probably due to boundary effects in small capacitor areas.
2.3. Measurements of Young’s modulus 
The Young’s modulus, Y, of PTC-films was derived from results obtained using a bulge measurement 
method. Samples of disc-shaped films were glued at the open end of a pressurized nitrogen gas-filled cell. 
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477Christian Schirrmann and Florenta Costache / Procedia Engineering 25 (2011) 475 – 478
The inlet needle valve of the pressure cell was adjusted to assure a constant gas flow inside the cell. For 
the outlet needle valve, the flow factor was varied as to produce a pressure difference between the cell 
and the environment. This was detected by a difference pressure sensor, able to measure between 
0 - 500 Pa. The work principle of the bulge method is shown in Figure 2a. By applying a pressure on the 
film in this way, the film would deform in a spherical shape. This deformation (bulge of the film), which 
corresponds to the induced mechanical strain, was measured with the Michelson interference set-up 
described above. From the ratio between the height difference and the applied pressure difference, the 
Young’s modulus, i.e. stress/strain ratio, of PTC (61.7-29.8-8.5 mol%) could be calculated. 
This bulge method was additionally verified by measuring the induced strain in thin films of known 
polymers, such as Nylon, Polycarbonate - PC and Polyethylene - PE (GoodFellow), as shown in Figure 
2b. Indeed, Young’s modulus values, obtained using this method and summarized in Table 1, were 
comparable to values found in literature, this proving the validity of the proposed method. 
             (a)          (b) 
Fig. 2. (a) Principle sketch of a pressure cell for polymer film bulge measurements; (b) Polymer thin films deflection and the 
corresponding strain vs. applied pressure. 
Table 1. Elastic modulus estimates from measurements carried out in this work. Comparison to literature. 
3. Deformation of a bending polymer actuator: FEM simulation vs. measurement results  
The strain induced by applying an electric field, E, on an electrostrictive polymer actuator would give 
rise to a pressure due to the simultaneous action of electrostatic attraction between the electrodes 
(H0HrE2/2) and electrostrictive effect (KY E2). Considering this and using the material constants 
measured above, FEM-simulations (Comsol®) were run to predict the electro-mechanical deformation of 
an actuator structure, in view of optimization of its design.  
In the simulation, the measured material constants were implemented. The simulation results showed 
that the electrostrictive effect brings an important contribution to the actuator deformation, while due to 
the electrostatic attraction only, the deformation is very small of only ~3% (Figure 3a). Simulation results 
of the actuator deformation dependence on the electric field could then be compared with measurements 
 Film thickness [μm] Y (GPa) - this paper Y (GPa) - Refs. 
PTC (61.7-29.8-8.5 mol %) 24 1.18 
- not available for this molar comp.;  
for other molar comp.: 0.3; 1.2 [6]
Nylon 6.6 (dry) 25 2.21 2.7-3.3 [5] 
Nylon 6.6 (wet) 25 1.33 1.3-2 [4] 
PC 20 0.35 lateral extension: 0.8 [3] 
PE 30 1.41 0.6-1.4 [5]
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performed on a real actuator structure. An actuator structure was prepared as described in Section 2.1 and 
fixed around the edges of a circular opening to form a radially symmetrical, disc-shaped bending actuator 
(see inserts from Figure 3; for asymmetry reasons, one of the electrodes was 400 nm thick). The 
deformation of the actuator was derived from interferometric measurements, carried out as described 
above in Section 2.1. As it is shown in Figure 3b, the simulation results were found to be in good 
agreement with the experimental data.  
                       (a)                      (b)  
Fig 3. (a) Actuated polymer membrane deflection due to electrostatic (red); electrostrictive (green) and both electrostatic and
electrostrictive (black). The insert is a 3D simulation of the actuator; (b) Bending actuator deflection: Comparison of results from 
experiments and simulation.  
4. Conclusions 
The simulation results of a monomorph PCT electrostrictive polymer actuator using specifically 
measured material constants could well describe the electro-mechanical behaviour of fabricated 
structures. The simulation could predict the actuator deformation characteristics and could thus permit 
further optimization towards complex multi-layered designs.  
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